Further, in the KORA/MONICA study, the presence of calcific valve disease was associated with age, active smoking, and elevated total cholesterol on a baseline evaluation carried out 10 years before the echocardiographic study. 1 These findings support the concept that patients 'at risk' of CAVD can be identified based on these associated clinical factors. In addition to age, smoking, and hypercholesterolaemia, previous studies have convincingly shown that the presence of calcific valve disease is associated with hypertension, diabetes, and the metabolic syndrome. 3, 4 Recent data from the Multi-Ethnic Study of Atherosclerosis (MESA) study indicated that the total cholesterol to HDL ratio is associated with an increased risk of CAVD across the entire age range (45 -84 years), whereas LDL is associated with increased risk only in those ,65 years of age.
5
'At risk' patients also include those with a congenitally bicuspid aortic valve, which accounts for .50% of aortic valve replacements, and may explain the male predominance of CAVD. 6 Genetic factors may modulate the risk of calcific valve disease, with clustering of cases suggesting a familial component 7 and case -control studies suggesting association with polymorphisms in the vitamin D receptor, oestrogen receptor, interleukin-10, and apolipoprotein E4 allele, among others. 8 We also know that the presence of CAVD without obstruction to LV outflow, e.g. aortic sclerosis, is associated with adverse clinical outcomes. In the CHS study, aortic sclerosis was associated with an 50% increased risk of cardiovascular death and myocardial infarction, even after correction for known coronary disease and associated clinical factors. 9 In the LIFE hypertension study, the presence of aortic sclerosis was associated with a doubling of cardiovascular events, both in those with and without known coronary artery disease. 10 In the ARIC study of 2279
African-American adults, the strongest multivariate predictor of myocardial infarction and cardiovascular death was aortic sclerosis, with less strong predictors including blood pressure, smoking, and markers of systemic inflammation. 11 The consistent findings of these diverse studies suggest that CAVD is a marker of systemic disease and that these patients are at increased risk of adverse clinical events long before there is mechanical obstruction to ventricular ejection. In that light, it is intriguing that the KORA/MONICA study found differences in LV geometry and diastolic function between subjects with and without calcific valve disease, even though these patients did not have significant outflow obstruction. Compared with subjects with a normal aortic valve, those with calcific valve disease had a higher relative wall thickness and LV mass index, as well as a higher ratio of early diastolic transmitral to tissue Doppler velocity, suggesting elevated LV filling pressures. Further, over the 10 year interval, relative wall thickness increased more in those with calcific valve disease than in those with a normal valve. The possibility of subtle changes in LV afterload related to early valve disease cannot be ignored, although the reported haemodynamics are consistent with aortic sclerosis, not valve obstruction. If these findings are confirmed in future studies, they suggest that adverse changes in LV geometry accompany CAVD, rather than simply reflecting the ventricular response to chronic pressure overload. 12 The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
Our understanding of the natural history of aortic stenosis has evolved from the view that valve calcification is an inevitable consequence of ageing that only has clinical significance once symptoms due to valve obstruction occur, to the view that CAVD is the result of an active, potentially modifiable pathological process, with a spectrum of disease ranging from aortic sclerosis to severe symptomatic aortic stenosis. We can further refine this conceptual framework (Figure 1 ) to include several progressive stages of disease.
The first stage is the patient 'at risk' of calcific valve disease. This stage includes all patients with a bicuspid aortic valve as well as those with clinical factors associated with calcific valve disease. We can all agree that patients at risk of calcific valve disease should receive appropriate preventative therapy for hypertension, hypercholesterolaemia, and diabetes, and should be encouraged to stop smoking, exercise regularly, and eat a healthy diet. Of course, these recommendations apply to all adults; whether more aggressive therapy of lipid levels or other clinical factors is justified in patients 'at risk' of CAVD remains unknown. It is tempting to hypothesize that earlier treatment is more likely to be effective; however, we need evidence to show that the potential benefit is justified compared with the cost and side effects of such an approach.
Once CAVD (e.g. aortic sclerosis) is detectable by echocardiography, or other imaging procedures, the patient does have an increased risk of adverse cardiovascular events. Again, appropriate risk factor evaluation and reduction is essential in these patients.
Obviously, removing a sclerotic valve would not decrease the risk of adverse cardiovascular events. Although aortic sclerosis is prevalent in older adults, only a small subset (,10%) of these patients appear to develop aortic stenosis with obstruction to LV outflow. Factors predicting a transition from aortic sclerosis to stenosis have not yet been fully elucidated; in the CHS study, progression was predicted by age and male gender, but not by Creactive protein levels. 13 In those patients who convert from aortic sclerosis to aortic stenosis, progressive valve obstruction is typical, with a gradual increase in transaortic velocity and gradient and progressive decrease in valve area.
14 As disease severity increases from mild to moderate to severe, most patients remain asymptomatic, despite 'severe' obstruction, for a variable period of time. However, even mild symptoms, most often dyspnoea on exertion or decreased exercise tolerance, herald a marked change in the disease course with a high risk of heart failure, angina, and sudden death. Aortic valve replacement at the onset of early symptoms prevents these outcomes, with the risk of surgery almost always far less than the risk of medical therapy alone. Patients who initially present with severe symptomatic aortic stenosis have a very poor prognosis; prompt aortic valve replacement is recommended in this situation.
The challenge now is to identify factors that predict transition from an 'at risk' patient to a patient with aortic sclerosis and to identify which aortic sclerosis patients will go on to progressive aortic stenosis. Hopefully, these data will provide insights into potential approaches to prevention of CAVD, early in the disease course.
Conflict of interest: none declared. Figure 1 This conceptual framework for the natural history of calcific aortic valve disease illustrates the spectrum of disease from the 'at risk' patient to the patient with end-stage severe symptomatic aortic stenosis. Once aortic sclerosis is detectable, there is an increased risk of cardiovascular events, as shown by deviation of the survival curve (purple line) from the expected event-free survival (light blue line). At the onset of even mild symptoms, survival deviates even more from expected, with a dramatic decline in survival with severe symptomatic aortic stenosis. Aortic valve replacement (AVR) at the onset of early symptoms prevents these late adverse outcomes.
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